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„Бити човек, рођен без свога знања и без своје воље, бачен у океан постојања. Морати 
пливати. Постојати. Носити идентитет. Издржати атмосферски притисак свега око 
себе, све сударе, непредвидљиве и непредвиђене поступке, своје и туђе, који понајчешће нису 
по мери наших снага. А поврх свега, треба још издржати и своју мисао о свему томе. 
Укратко: бити човек” 
- Иво Андрић (Стокхолм 10. децембар 1961) 
“To be a man, to have been born without knowing it or wanting it, to be thrown into the 
ocean of existence, to be obliged to swim, to exist; to have an identity; to resist the 
pressure and shocks from the outside and the unforeseen and unforeseeable acts — 
one's own and those of others — which so often exceed one's capacities? And what is 
more, to endure one's own thoughts about all this: in a word, to be human.” 
― Ivo Andrić (Stockholm, 10 December 1961) 
“Mensch zu sein, geboren worden zu sein, ohne es zu wissen oder zu wollen, in den 
Ozean der Existenz geworfen zu sein, zum Schwimmen gezwungen zu sein, zu 
existieren; eine Identität zu haben; dem Druck und den Schlägen von aussen sowie 
den unvorhergesehenen und unvorhersehbaren Taten zu widerstehen — den 
eigenen und denen von anderen — was so oft die eigenen Fähigkeiten Übersteigt? 
Und darüber hinaus, muss man noch die eigenen Gedanken über all dies ertragen 
müssen, kurz gesagt: ein Mensch sein.” 
— Ivo Andric (Stockholm, 10 December 1961) 
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“The fundamental problem of chemical physiology and of embryology 
is to understand why tissue cells do not all express, all the time, all the 
potentialities inherent in their genome.” 
— François Jacob and Jaques Mond, 
article in Journal of Molecular Biology, 1961 
1.1. DNA — size issue
Abiogenesis started roughly 4.28 million years ago, separating physical entities that 
support biological processes from non-living matter (Dodd et al., 2017). Since then, a 
vast number of organisms evolved that have a life cycle, can grow and adapt to their 
environment, respond to stimuli and reproduce. There is no clear evidence when exactly 
living organisms started utilising deoxyribonucleic acid (DNA) as the primary “storage” 
of genetic information. However, to the present day, every living cell uses this molecule 
to carry the information necessary to maintain all biological processes during their life 
cycle. 
DNA molecules are long polymers of nucleotides containing four different bases 
(adenine (A), thymine (T), cytosine (C) and guanine (G)) organised in the form of a 
double-stranded helix. These polymers are tightly packed in small viral or cellular 
compartments. In some viruses, DNA is packed in the capsid. In prokaryotes, DNA is 
concentrated in a nucleoid, or present in the form of an extra, several kilobases long, 
plasmid. In eukaryotes, DNA is packed in up to three cell compartments where it is 
separated from the cytosol by a phospholipid bilayer — the nucleus, mitochondrion and 
chloroplast, except for some yeast and fungi that also have plasmids in the cytosol. Each 
organism has DNA molecules that are generally much longer than the cells containing 
them. For example, a diploid human cell has an approximately 1.8 meters long DNA 
material that is packed in the nucleus of an average diameter of 10 µm. An 
extraordinary degree of organisation tightly sequesters DNA molecules in small 
compartments while still allowing cellular processes, such as transcription, replication 
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and DNA repair, to take place. In particular, DNA material in almost every eukaryotic 
cell is apportioned into chromosomes. 
1.2. The organisation of DNA in the nucleus
In the nucleus of a eukaryotic cell, negatively charged double-stranded DNA molecules 
are bound by proteins, and the DNA is concentrated in a compartment that occupies 
about 10% of the total cell volume. This DNA in the nucleus is present in the form of 
chromatin and is separated into chromosomes. Chromatin structural organisation starts 
with nucleosomes and is further organised with the help of other scaffold proteins into 
higher-order structures. During cell division, the highest order of chromatin organisation 
is the alignment of chromosomes on the metaphase plate. 
1.2.1. Nucleosomes — organisational units of chromatin
DNA in all eukaryotes is tightly associated with proteins called histones and in this form 
is referred to as nucleosomal DNA. Histones package and order the DNA into 
fundamental structural units called nucleosomes. The first high-resolution structure of a 
nucleosome was solved in the lab of Timothy J. Richmond and was published in 1997 
(Luger et al., 1997). This revealed that DNA (147 base pairs) is wound 1.65 times 
around the octamer of four distinct histone proteins. The winding is in the form of a left-
handed solenoidal supercoil. Each canonical nucleosome contains eight core histone 
molecules: two copies each of H2A, H2B, H3, and H4 (Figure 1.1). 
Histones are highly basic globular proteins with molecular masses from 11,000 to 
21,000 Daltons (Da). Histones that are present in the nucleosome core have a common 
structural motif known as the histone fold. It consists of three α helixes connected by 
two loops. During nucleosome assembly, the histone fold of one histone binds to a 
corresponding histone fold of another histone. For example, the formation of H2A—
H2B heterodimers is achieved by binding of an H2A to an H2B histone fold. In the 
same manner, histone H3 binds H4 forming the H3—H4 heterodimer. The structure of 
the two histone folds in a heterodimer is referred to as a “handshake motif” (Arents et 
al. 1991; McGinty and Tan, 2015). Further on during nucleosome assembly the two H3
— — 2
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—H4 heterodimers associate forming H3—H4 tetramers. These tetramers then interact 
with two H2A—H2B heterodimers to form the histone octamer. 
Figure 1.1. Structure of the nucleosome at 1.9 Å resolution. 
147 bp DNA double helix is wound 1.65 times around the histone octamer core: H2A (yellow), H2B 
(red), H3 (blue) and H4 (green). The figure was generated with UCSF Chimera software using PDB 
accession code 1KX5 (Davey et al., 2002). 
Core histone proteins are rich in arginine and lysine residues. These amino acids are 
positively charged at physiological pH and, hence, contribute to the overall net positive 
charge of the molecule. This favours negatively charged DNA to bind to and wind 
around the histone octamer core. This interaction is not sequence-specific. In more 
detail, the forces that contribute to the interaction between the histone octamer and 
DNA can be classified into several categories, including electrostatic interactions and 
intermolecular forces. For example, α-helixes in H2B, H3, and H4 form helix-dipoles 
causing a net positive charge to accumulate at the point of interaction with negatively 
charged phosphate groups on DNA; salt bridges between side chains of basic amino 
acids and phosphate oxygens on DNA; hydrogen bonds between the amide group on the 
main chain of histone proteins and the DNA backbone or non-polar interactions 
between the histone and deoxyribose sugars on DNA. 
Histones are synthesised by ribosomes and translocated from the cytosol into the 
nucleus with the help of histone chaperones during S phase (Burgess and Zhang, 2013). 
Histone chaperone Nap1 facilitates the import of the H2A—H2B heterodimer. Several 
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histone chaperones, for example, HSP90, NASP, and Asf1, contribute to the import of 
H3—H4 tetramers. In addition, import of the H3—H4 tetramers is regulated by an array 
of histone modifications which predominantly involve histone acetylation. When DNA 
is replicated, H3—H4 tetramers are first deposited on the newly replicated DNA strand 
forming a tetrasome. DNA is wound once around the H3—H4 tetrasome before two 
H2A—H2B dimers are deposited. This deposition leads to the final DNA winding 
around the completed histone octamer core, and the nucleosome is formed (Dannehey 
and Tyler, 2014). 
Neighbouring nucleosomes are separated by linker DNA of approximately 60 base 
pairs. The linker DNA is bound by the fifth histone protein — H1. As a consequence of 
this organisation, repeating nucleosome core particles occur on average every 200 bp 
throughout the genome (Kornberg, 1977). Histone H1 interacts with linker DNA at the 
entry and exit points of nucleosomal DNA, facilitating the formation of higher-order 
structures. 
1.2.2. Histone variants
Most histones are synthesised during S phase to allow their rapid deposition behind 
replication forks. They fill in the gaps that are caused by the distribution and dilution of 
preexisting histones during the DNA replication process. During evolution histone-fold 
domain proteins have diversified from archaeal ancestors. They can be classified into 
the four histones, introduced above, that comprise the octamer of the eukaryotic 
nucleosome. These four canonical histone proteins have further diversified into variants, 
and this introduced new features to chromatin, giving rise to a variety of epigenetic 
consequences. 
In eukaryotic species, histones have high sequence identity, and this classifies them 
among the most conserved proteins. The reason for high conservation during evolution 
lays in the functional importance of each amino acid in the histones. However, histone 
variants differ from core histones in sequence alteration that is causing their specific 
function and genomic localisation. In a process called histone exchange, the non-
canonical histone variants are incorporated into chromatin in a DNA replication-
independent manner. Incorporation of different histone variants in the core octamer can 
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